Cu3RE2W4O18 tungstates (RE = Gd, DyEr) are paramagnets in the temperature range 4.2300 K visible also in the absence of the energy losses in the curve of the imaginary part of magnetic susceptibility, χ . The negative values of the paramagnetic CurieWeiss temperature, θ, may suggest the weak antiferromagnetic coupling below 4.2 K. The temperature independent component of magnetic susceptibility has a positive value indicating a domination of the Van Vleck contribution. Calculations of the eective number of the Bohr magnetons revealed that the orbital contribution to the magnetic moment comes mainly from the RE 3+ ions.
Introduction
Molybdates and tungstates containing rare-earth (RE) ions are still attractive as the laser host materials and phosphor-converted white light-emitting diodes (pc--WLEDs) due to a very high stability of light emission, high eciency, long lifetime and low excitation threshold, safety of work, and environment friendly [1, 2] .
Two families of novel polycrystalline copper and rare-earth metal tungstates of the general formula, Cu 3 RE 2 W 4 O 18 , where RE = Sm, Eu, and Gd as well as RE = Dy, Ho, and Er have been successfully obtained and characterised by us using powder X-ray diraction (XRD), IR, dierential thermal analysis-thermogravimetric (DTA-TG) and EPR techniques [3, 4] . Our studies have shown that when RE = SmGd, the Cu 3 RE 2 W 4 O 18 tungstates crystallize in the triclinic system and show a dierent type of structure in comparison to the compounds when RE = DyEr (the monoclinic system) [4] .
Our earlier studies on a novel copper and europium tungstate, Cu 3 Eu 2 W 4 O 18 , have shown that it exhibits a weak temperature dependence of the magnetic susceptibility without a CurieWeiss region as well as interesting electrical properties, i.e. the thermally activated p-type electrical conduction with the activation energy of 1.11 eV and the large value of relative permittivity ε r ≈ 217 above the room temperature. A larger lossiness (δ ≈ 9
• ) for this tungstate is visible at 10 −1 Hz and above the room temperature and which may be caused with electrical conduction (losses of JouleLenz) [5] .
This [5] while the electrical properties should be similar.
Experimental details
Copper tungstate (CuWO 4 ) and an adequate rare--earth metal tungstates (RE 2 WO 6 ) were used as the starting materials for a high-temperature solid state synthesis of Cu 3 RE 2 W 4 O 18 compounds (RE = Gd, DyEr) [3, 4] .
Dynamic (ac) magnetic susceptibility was measured with the aid of a Quantum Design System (MPMS XL) and recorded in the temperature range 4.2300 K and at an internal oscillating magnetic eld H ac = 3.9 Oe with an internal frequency f = 300 Hz. Magnetization isotherm was measured at 4.2 K in the static (dc) magnetic eld up to 70 kOe. Both susceptibility and magnetization were measured in the zero-eld-cooled mode. A diamagnetic contribution has been taken into account [6] by adding a temperature independent contribution of magnetic susceptibility (χ 0 ), and the temperature interval of the CurieWeiss region has been rened with the aid of the Pearson correlation coecient, R, better than 99.93% [7, 8] . The eective magnetic moment was calculated from the equation µ eff = 2.83 √ C, where C is the Curie constant. Magnetization isotherms were measured at 4.2 K in the static (dc) magnetic eld up to 70 kOe.
Results and discussion
Magnetic parameters are presented in Table and magnetic measurements are depicted in Figs. 14 (susceptibility) and in Fig. 5 (magnetization) . These results suggest that the tungstates under study are paramagnets in the temperature range 4.2300 K visible also in the absence of the energy losses in the curve of the imaginary part of magnetic susceptibility, χ , since there is no magnetic order. The negative values of the paramagnetic CurieWeiss temperature, θ, suggest the weak antiferromagnetic interactions below the temperature of 4.2 K.
Cu 3 RE 2 W 4 O 18 (RE = Gd, DyEr) tungstates show positive values of temperature independent contribution of magnetic susceptibility [7, 8] . It may indicate the temperature independent contributions of the orbital and Landau diamagnetism, Pauli and Van Vleck paramag-(885) netism as well as others, as they cannot be separated. Because the tungstates under study are insulators below 300 K [5] , the Landau and Pauli contributions can be neglected and the Van Vleck paramagnetism seems to be a dominating contribution. The eective magnetic moment well correlates with the eective number of the Bohr magnetons that is the vector sum of eective numbers of RE 3+ and Cu
2+
ions. This quantity was calculated from the equation:
, where p = g J(J + 1), g is the Landé factor taken from Ref. [6] and J is dened as a sum of an eective angular momentum of RE 3+ ions and the eective spin of Cu 2+ ones. The latter results from the fact that the JLS -coupling works for the protected RE 4f -shell, but not for the unprotected TM 3d-shell [9] . 
